ABSTRACT. Under lowered Ca2+ content and in the post-treatment state of low Ca2+, we studied the cellular structure and functioning in mouse adrenocortical tumor cells, Y-1. These cells had been maintained in Ham F12 medium containing 10 % fetal calf serum. The Ca2+ present in this complete medium was 0.39 mM.
Calcium ions (Ca2+) are essential for maintenance of the structure and functioning of adrenocortical cells (4, 5, 6). In an experiment with mouse adrenocortical tumor cells Y-1, this important role of Ca2+ was confirmed (2). In those experiments, a low Ca2+ concentration, under which the structure and functioning of the cells were disturbed, was provided in order to examine the role of Ca2+.
During our experiments with a low Ca2+ content, we examined the function of Y-1 cells in the post-treatment state of the low Ca2+; we found an elevation of cellular function in terms of ACTH reactivity. This post-treatment state of a low Ca2+ has not been described in reported studies of hormone-producing cells. We therefore investigated the cellular structure and functioning of Y-1 cells and the correlation between them in the post-treatment state of a low Ca2+. The fine structure of the cellular surface of Y-1 cells and the immunohistochemical distribution of the cytoskeleton are discussed.
MATERIALS AND METHODS
The (Fig. 4) . Cyclic AMP contents increased in the cells and in the culture medium, the increases being accompanied by the production of such steroid hormones as progesterone. Cellular structure of Y-1 cells at a low Ca2+. At the Ca2+ 0.29 mM produced by 0.25 mM EGTA, Y-1 cells changed their cellular form and surface structure. After 4-5 h, the cells began to show overall protrusions, and after 15 h, they had become partially spherical with many blebs on their surfaces (Fig. 6 ). At this time, the culture medium containing EGTA was exchanged being cultured at the physiological Ca2+. After 2 days, the partially spherical cells had become flat, and the blebs had been replaced by microvilli. These microvilli developed in a reticular network over the cellular surface (Fig. 7) . Actin cables were not apparent at the "bleb" stage (Fig. 5 ), but they reappeared and were distributed again as in Fig. 3 , at the "microvilli" stage. When 0.17 mM Ca2+ was produced by 0.4 mM EGTA, Y-1 cells became rounder and 40-50 % of the cells floated to the top of the medium over a period of 15 h. At the 0.01 mM Ca2+ produced by 1.0 mM EGTA, 95 % of the cells floated. When the EGTA was removed, the floating cells were replated and became reattached to the surface of the flask within 5-6 h. These reattached cells showed blebs in the early culture stage (within 3 days), and many microvilli after 5-6 days. Under 0.01 mM Ca2+, only a small fraction of the cells (less than 1 %) did not float. These cells were thought to be resistant to the EGTA-induced low Ca2+ condition. Therefore, they were isolated from the original cell line, and tentatively named "EGTA-resistant cells". These EGTA-resistant cells were larger than the original Y-1 cells and had many microvilli on their surfaces and large numbers of actin cables in their cytoplasms. This group of cells served as the control in the remainder of our study.
Time course of the ACTH reactivity of Y-1 cells following treatment of EGTAinduced low Ca2+. ACTH reactivity was examined in terms of the cyclic AMP contents present in the culture medium (Fig. 8) . At 0.29 mM Ca2+, Y-1 cells had a low reaction to stimulation by 10-7 M ACTH. When they were placed in the physiological Ca2+ following the washing out of EGTA, their ACTH reactivity was restored to the original value on the second day, whereupon the microvilli also were restored to the state described above. Cells which had been treated with 0.17 mM Ca2+ also showed low ACTH reactivity while blebs predominanted, but the original reactivity was restored by the sixth day after the removal of EGTA. At this time, microvilli appeared on the cellular surfaces. In these experiments, subcultured Y-1 cells were used as the control.
Dose response of the ACTH reactivity of Y-1 cells treated with EGTA-induced low Ca2+. Two groups of cells were used for the dose response examination (Fig. 9) ; cells on the 3rd day following treatment with, and removal of 0.29 mM Ca2+ (group A) and cells on the 7th day following treatment with, and removal of, 0.17 mM Ca2+ (group B). In both groups, the ACTH reactivity on the treated cells restored to a large extent (Fig. 8) . The index used for ACTH reactivity was the production of cyclic AMP. Cells in both groups had large numbers of microvilli on their cellular surfaces and showed higher sensitivity to ACTH than did untreated Y-1 cells. Cells in group A, in particular, showed reactivity even at 10-12_10-11 M ACTH. We also noted that cells with a low Ca2+ (0.29 mM) showed more distinct cellular retraction due to stimulation by ACTH than did the control. The EGTA-resistant cells discussed above had high sensitivity to ACTH. Production of steroid hormone by Y-1 cells treated with low Ca2+. Treated cells' production of steroid hormone was examined as a marker of cellular functioning (Fig. 10) . The materials used were as described above; the target hormone was progesterone, hormone production being checked in both the ACTH-stimulated and non-stimulated states. Only the cells in group A showed higher progesterone production activity in both states than the untreated Y-1 cells. The EGTA-resistant cells had low hormone production although they were highly sensitive in the production of cyclic AMP.
Radioreceptor assay of the 125I-ACTH of Y-1 cells treated with a low Ca2+ induced by EGTA. The cells used in Figs. 9 and 10 also were examined for ACTH binding with 125I-ACTH. Only group A showed higher binding activity than the untreated cells. The EGTA-resistant cells had low ACTH binding activity (Fig. 11) .
Cellular structure and functioning of Y-1 cells treated with cytochalasin B. Cyto- chalasin B, an inhibitor of actin polymerization, was added to Y-1 cells for a comparative alternative assay of low Ca2+ (15, 16). After 10 min of treatment, the entire cellular surface was covered with a large numbers of blebs, and in this state, cellular functioning was very low in terms of the production of cyclic AMP and progesterone under ACTH stimulation. The blebs disappeared within 12 h after the removal of cytochalasin B from cells. The microvilli did not increase in this experiment, the treated cells resuming their normal structure and functioning. The effect of cytochalasin B thus seems to be reversible in Y-1 cells.
DISCUSSION
A low Ca2+ condition was brought about by the addition of EGTA to monolayer cell cultures of a mouse adrenocortical tumor cell line, Y-1 (21). When the Ca2+ was less than 0.17 mM, Y-1 cells became round and floated in the culture medium. We opted for a milder low Ca2+ condition under which cells showed many blebs on their surfaces. After removal of the EGTA, microvilli appeared in their stead. No intracytoplasmic actin was apparent during the bleb state. Cellular functioning with respect to steroidogenesis was low in this state, but was higher than in untreated cells in the microvilli state. An increase in ACTH binding also was demonstrated in the microvilli state with a radioreceptor assay that used 125I-ACTH.
Cells that had been induced to float in the medium due to the presence of EGTA (which created the low Ca2+ condition) could reattach themselves to the flask after the removal of EGTA. These reattached cells also underwent the bleb and microvilli stage, but did not show an increase in steroidogenesis in either stage. Also, cells resistant to EGTA did not show high steroidogenetic activity despite the large number of microvilli present. These two cell groups, the reattached and EGTAresistant, produced cyclic AMP although they showed low steroidogenesis. Probably, a Ca2+ condition lower than a certain threshold causes cytotoxic damage to the steroidogenetic mechanism in the cells. It is not possible to explain why Y-1 cells had higher cellular activities after being subjected to a lowered Ca2+. Perhaps it may be because of non-specific reactions that culture cells go through after an environmental change.
It is, however, the correlation between that cellular functioning and the structure of the cell surface should be taken up. Cellular functioning was elevated during the microvilli state of the cellular surface during post-treatment with low Ca2+. The increase of microvilli under this experimental condition may indicate rearrangement of the cytoskeleton; i.e., of the actin and microtubules (12, 18). Actin and microtubules are known to function specifically in the steroidogenesis of adrenocortical cells (1, 7, 8, 9) . We suspect that rearrangement of the cytoskeleton took place due to the change in the Ca2+ concentration in the environment, but this has yet to be shown in other types of functioning cells.
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